In light of the renewed international interest in lunar exploration including plans for setting up a permanent human outpost on the Moon, the need for next generation earth-based human space mission simulators has become inevitable and urgent.
The paper presents a summary of a survey of past, present and future human space mission simulators. An in-depth survey was conducted by the Liquifer Systems Group (LSG) for a European Space Agency (ESA) Phase-A contract involving a Design Study for a Facility for Integrated Planetary Exploration Simulation (FIPES). The survey data served as reference material for development of the FIPES architecture and, more importantly the application of the data ensured that the Systems Requirements reviewed and amended as part of the FIPES Study fully reflected the design and use of such facilities.
The survey summarized here is an updated version of the one produced during the FIPES Study. It includes brief overviews of the simulators used worldwide by space agencies and private organizations for astronaut training and simulating environmental and working conditions encountered while living in space and on planetary surfaces. These simulators have shown to be of great value for medical, physiological, psychological, biological and exobiological research, and for subsystem test and development, particularly closed-loop life support systems.
The survey analyses simulator characteristics and presents the following consolidated summaries for each simulator:
1. Site and purpose 2. Key technical data 3. Scientific and medical research functions 4. Technology test and development functions Summary 1 presents information about the simulator prime, site, and purpose. It also provides extensive references. Summary 2 provides simulator key technical data such as duration, crew size, dimensions, pressurized volume, habitable volume, area, internal pressure, external pressure, number of airlocks, airlock volume, number of view ports and costs. Summary 3 highlights which of the following scientific and medical research areas were investigated: physiology, cardiovascular, musculoskeletal, neurophysiology, nutrition, endocrinology, hematology, microbiology, exobiology, psychology and human factors. Summary 4 attempts to highlight technology test and development areas that were pursued with each of the simulators: planetary terrain simulation, environment control and life support, hygiene, waste management, food preparation and storage, surgery, extra-vehicular activity, and interior habitation architecture.
In addition to these summaries, the paper presents salient features of each of the simulators surveyed.
The paper concludes with observations and lessons learned with respect to future simulators and simulations.
